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1396g?v.doc 8-Jan-04 

PRESSURE-PROPELLED SYSTEM FOR BODY LUMEN 

FIELD OF THE INVENTION 
The present invention relates generally to a pressure-propelled system, suitable for 
imaging body lumens, such as the gastrointestinal (GI) tract. 

BACKGROUND OF THE INVENTION 
Many imaging devices are known for producing medical images of body lumens, 
such as the gastrointestinal (GD tract. For example, endoscopy is widely used for observing, 
photographing tissue, and taking specimens from leaons and the Uke. In a conventional 
method of examining a colon using an endoscope, for example, the endoscope is typically 
manually inserted into the colon. In this manual technique, patients may often complain of 
abdominal pain and distention because the colon is extended or excessively dilated, thereby 
necessitating stopi«ng the endoscopic procedure. Furthermore, it is not unusual for the colon 
to bleed and be accidentally perforated. Insertion of an endoscope through the sigmoid colon 
and into the descending colon, or through the splenic flexure, the transverse colon, the 
hepatic flexure or parts affected by previous operations may also be accompanied with 
difficulty. Because of these reasons, a colonoscopy is typically performed by a relatively few 
number of skilled practitioners, and the rate of patient pain and discomfort is high. 

US Patent 5,337.732 to Grundfest et al. describes a robot for performing endoscopic 
procedures, which includes a plurality of segments attached to each other through an 
articulated joint. Actuators can move the segments together and apart and change their 
angular orientation to allow the robot to move in an inchwoim or snake-like fashion through 
a cavity or lumen within a patient. Inflatable balloons around the segments inflate to brace a 
temporarily stationary segment against the lumen walls while other segments move. A 
compressed gas Une attached to the back segment provides compressed gas to inflate the 
balloons and optionally to drive the actuators. The lead segment includes a television camera 
and biopsy arm or other sensors and surgical instruments. 

SUMMARY OF THE INVENTION 
The present invention seeks to provide an improved imaging system which is 
propelled by fluid pressure, suitable for imaging body lumens, such as the gastrointestinal 
(GD tract, as is described more in detail her^nbelow. The invention is described hereinbelow 
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with reference to the GI tract, but it is understood that the invention is not limited to the GI 
tract and may be used for other body lumens as well. Unlike the prior art. which may inflate 
and anchor baUoons and similar devices to the GI tract wall in an attempt to overcome the 
low friction of the GI tract, the present invention utilizes the very low ftiction environment of 
the GI tract to propel the imaging system, with no need for anchoring. 

There is thus provided in accordance with ah embodiment of the present invention, a 
system including a guide member at least partially insertable into a proximal opening of a 
body lumen, the guide member including a first passageway connectable to a source of fluid 
pressure, an elongate carrier arranged for sliding movement through the guide member, and a 
piston head mounted on the carrier, wheran a greater fluid pressure acting on a proximal side 
of the pston head than on a distal side of the piston head propels the piston head and the 
carrier in a distal direction in the body lumen. 

The system of the invention may have different features. For example, the piston head 
may be inflatsible. The carrier may include a second passageway in fluid communication with 
the piston head, which may be connected to a source of fluid pressure for inflating the piston 
head. A vent tube may pass throu^ the piston head, having an opening distal to the piston 
head through which fluid may be vented to the outside. An image-capturing device may be 
mounted on the carrier, such as distal to the piston head. A power supply tube may pass 
through the carrier and may be connected to the image-capturing device. A fluid supply tube 
may pass through the carrier and may be connected to a fluid source. 

In accordance with an embodiment of the present invention an auxiliary piston head 
may be mounted on the carrier proximal to the first-mentioned piston head. The auxiliary 
piston head, which may be inflatable, may be fixed ^ally to the carrier at a fixed distance 
from the first-mentioned piston head. The carrier may include a third passageway in fluid 
communication with the auxiliary piston head, which may be connected to a source of fluid 
pressure for inflating the auxiliary piston head. 

BRIEF DESdOPTION OF THE DRAWINGS 
The present invention will be understood and appreciated more fully from the 
following detailed description taken in conjunction with the drawings in which: 
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Rg. 1 is a simplified pictorial illustration of a system, constructed and operative in 
accordance with an embodiment of the present invention, which may be suitable for imaging 

body lumens, such as the GI tract; 

Figs. 2 and 3 are simpUfied sectional illustirations of distal and proximal portions, 

respectively, of the system of Fig. 1; 

Fig. 4 is a simplified sectional illustration of a carrier of the system of Fig. 1, tiie 
section being taken transverse to a longitudinal axis of tfie carrier, and 

Figs. 5, 6 and 7 are simplified pictorial illustrations of the system of Fig. 1, showing 
tiuee steps of a mode of operation tiiereof, wherein inflatable piston heads are inflated and 
deflated to negotiate obstacles in a body lumen. 

DETAILED DESCRIPTION OF EMBODIMENTS 
Reference is now made to Figs. 1-3, which illustrate a system 10. constructed and 
operative in accordance with an embodiment of tiie present invention. 

As seen best in Fig. 3. system 10 may include a guide member 12, which may be 
constructed of any medicaUy safe material, such as but not limited to, plastic or metal. Guide 
member 12 may be formed with a first passagpway 14 connected to a source of fluid pressure 
16. such as but not limited to. a source of pressurized air, CO2 or water. Guide member 12 
miy be at least paitiaUy insertable into a proximal opening 18 (e.g., the rectum) of a body 
lumen 20 (e.g.. die colon). Guide member 12 may include an annular ring 22 for abutting 

against the proximal opening 18. 

Guide member 12 may be formed witii a bore 24 through which an elongate carrier 26 
may be airangpd for sliding movement An O-ring 28 may be provided for dynamically 
sealing carrier 26 in its sUding motion relative to the guide member 12. Carrier 26 may be 
any slender wire, cattieter or tube and tiie like, constructed of any medically safe material, 
such as but not Umited to, a flexible plastic or metal. Carrier 26, including its tip, may be 
safely deflected and steered through the body lumen 20. 

A piston head 30 may be mounted on carrier 26. Piston head 30 may be inflatable, 
and as such may be constiiicted of any medically safe elastomeric material, such as but not 
Umited to. a bladder or membrane made of polyuretiiane or silicone rubber, for example. An 
image-capturing device 32 may be mounted on carrier 26 distal to piston head 30. Piston 
head 30 is preferably fixed to carrier 26 and sealed tiiereto vdth O-rings 33. but optionally 
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may be arranged to slide on earner 26 up to some distal stop which arrests further distal 
motion of the piston head 30 (the image-capturing device 32 may serve as the distal stop, for 
example). Image-captuiing device 32 may comprise, without limitation, a camera (e.g.. CCD 
or CMOS), or alternatively x-ray, ultrasonic. MRI, infrared and/or microwave imaging 
devices. 

Other therapeutic or diagnostic devices may be mounted on or in carrier 26, such as 
but not limited to. a magnet, drug delivery devices (e.g.. iontophoresis), gene therapy devices 
and others. 

The earner 26 may include a second passageway 34 in fluid communication with 
piston head 30. connected to a source of fluid pressure 36 (e.g., pressurized air or water) for 

inflating piston head 30. 

A vent tube 38 may pass through piston head 30, having an opening 40 distal to 
piston head 30 throu^ which fluid is ventable to the outside (that is. the proximal end of vent 
tube 38 vents the fluid past guide member 12 to the outside). Optionally, the proximal end of 
vent tube 38 may be connected to a suction source (not shown) for sucking fluid through vent 
mbe 38. 

A power supply tube 42 (e.g., containing electrical wires, fiber optics, etc.) may pass 
through carrier 26. for connection to image^apturing device 32. Alternatively, die electrical 
and optical components of image-capturing device 32 may have tiieir own internal power 
source, with no need for external wiring. The image-capturing device 32 may wirelessly 
transmit or receive data to or from an external processor (not shown). The components of 
system 10 may be fully automated witii sensors and operate in a closed or open control loop. 

A fluid supply tube 44 (seen in Fig. 4 only) may pass tiirough carrier 26, which may 
be connected to a fluid source (not shown), e.g.. pressurized water, for cleaning tiie area near 
the image-capturing device 32. or in combination witii flie vent tube 38. for cleaning die body 

lumen 20 itself (e.g.. the colon). 

In accordance with an embodiment of the present invention an auxiliary piston head 
46 may be mounted on the carrier proximal to die distal piston head 30. The auxiUary piston 
head 46, which Uke the piston head 30 may be inflatable, may be fixed axially to carrier 26 at 
a fixed distance from piston head 30. Auxiliary piston head 46 may be sealed witfi respect to 
carrier 26 witfi O-rings 47. The carrier 26 may include a tiiird passageway 48 in fluid 
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communication vyrith auxiUary piston head 46, connected to a source of fluid pressure 50 for 
inflating auxiliary piston head 46. 

Reference is now made to Figs. 1, 2 and 5-7. which illustrate operation of the system 
10, in accordance with an embodiment of the present invention. The system 10 may be 
inserted in the tectum with the piston heads 30 and 46 initially deflated to facilitate insertion. 
The distal piston head 30 may then be gently inflated until it expands to the inner walls of the 
body lumen (e.g., colon) 20 (the configuration shown in Fig. 1). Pressurized fluid (e.g., air) 
from the source of fluid pressure 16 may be introduced into the colon through the first 
passageway 14 of guide member 12. The pressurized fluid creates greater fluid pressure 
acting on the proximal side of piston head 30 than on the distal side of piston head 30. The 
vent may assist in creating tiie pressure difference across the piston head 30. This pressure 
difference propels piston head 30 together with carrier 26 distally into the body lumen (in this 
example, the colon), as indicated by arrow 60. Image-capturing device 32 may capture 
images of the body lumen 20 as the system 10 travels therethrough. 

As seen in Fig. 5, the system 10 may eventually reach an obstacle or tight turn, 
indicated by arrow 62. In such a case, the proximal piston head 46 may be inflated and the 
distal piston head. 30 may be deflated as shown in Fig. 6. In this configuration, the 
pressurized fluid creates greater fluid pressure acting on the proximal side of the proximal 
piston head 46 than on the distal side of the proximal piston head 46. This pressure difference 
propels the proximal piston head 46 together with carrier 26 distally, as indicated by arrow 
64. This distal movement brings the distal deflated piston head 30 past the obstacle, as seen 
in Rg. 6. The system 10 continues its distal movement in the body lumen 20 until the 
proximal piston head 46 reaches the obstacle. At this point, the distal piston head 30 may be 
inflated and the proximal piston head 46 may be deflated once again, as shown in Fig. 7. 
Once again, the pressurized fluid creates greater fluid pressure acting on the proximal side of 
the distal piston head 30 than on the distal side of the distal piston head 30. The pressure 
difference propels the system 10 distally in the body lumen 20. and brings the proximal 
deflated piston head 46 past the obstacle. The cycle may be repeated as often as necessary. 

Although the invention has been described in conjunction witii specific embodiments 
thereof, many alternatives, modifications and variations are apparent to those skilled in the 
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art. Accordingly, all such alternatives, modifications and variations fall within the spirit and 
scope of the following claims. 
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CLAIMS 

What is claimed is: 

1. A system comprising: 

a guide member at least partially insertable into a proximal opening of a body lumen, 
said guide member including a first passageway connectable to a source of fluid pressxire; 
an elongate carrier arranged for sliding movement through said guide member; and 
a piston head mounted on said carrier, wherein a greater fluid pressure acting on a 
proximal side of said piston head than on a distal side of said piston head propels said piston 
head and said carrier in a distal direction in the body lumen. 

2. The system according to claim 1, wherein said piston head is inflatable^ 

3. The system according to claim 2, wherein said carrier includes a second passageway 
in fluid communication with said piston head and connectable to a source of fluid pressure 
for inflating said piston head. 

4. The system according to claim 1, further comprising a vent tube passing through said 
piston head, having an opening distal to said piston head through which fluid is ventable to 
the outside. 

5. The system according to claim 1, further comprising an image-capturing device 
mounted on said carrier. 

6. The system according to claim 5, wherein said image-capturing device is distal to said 
piston head. 

7. The system according to claim 5, further comprising a power supply tube passing 
through said carrier and connected to said image-capturing device. 

8. The system according to claim 1, further comprising a fluid supply tube passing 
through said carrier and connectable to a fluid source. 

9. The system according to claim 1, further comprising an auxiliary piston head 
mounted on said carrio* proximal to the first-mentioned piston head. 

10- The system according to claim 9, wherein said auxiliary piston head is fixed axially to 

said carrier at a fixed distance from the first-mentioned piston head. 

1 1. The system according to claim 9, wherein said auxiliary piston head is inflatable. 
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12. The system according to claim 1 1, wherein said carrier includes a third passageway in 
fluid communication with said auxiliary piston head and connectable to a source of fluid 
ptBSSuie for inflating said auxiUary piston head. 
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ABSTRACT OF THE DISCLOSURE 
A system including a guide member at least partially insertable into a proximal 
opening of a body lumen, the guide member including a first passageway connectable to a 
source of fluid pressure, an elongate carrier arranged for sliding movement through the guide 
member, and a piston head mounted on the carrier, wherein a greater fluid pressure acting on 
a proximal side of the piston head than on a distal side of the piston head propels the piston 
head and the carrier in a distal direction in the body lumen. 
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We ai^owledge the duty to disclose iufbrniation which is material to the examination of this 
^plication in accordance witti Tide 37, Code of Federal Regulations* l.S6(a). 

We hereby claim foreign priority benefits under Title 35, United States Code, §1 19(a)<<d) or 
(0 of any provisional application filed in the United States in accordance with 35 U.S.C. § 1 1 9<e), or 
any ^plication for patent that has been converted to a Provisional Application witliin one (1) year of 
its filing date, or any foreign appIication(s) for patent or inventor's certificate listed below and have 
also identified below any foreign application for patent or inventor's certificate having a filing date 
before that of the application on which priority is claimed. 
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We hereby claim the benefit imder Title 35, United States Code, § 120 of any United States 
application listed below, and, inso&r as the subject matter of each of the claims of this application is 
not disclosed in any prior United States application in the manner provided by the first paragraph of 
Title 35, United States Code, §1 12, we acknowledge the duty to disclose material information as 
defined in Title 37, Code of Federal Regulations, § 1 .56Ca), whi^ occurred between die fi ling date of 
the prim* iqpplicadon and the fiational or PCT international filing date of dils ^plicadon: 
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Document made available under the 
Patent Cooperation Treaty (PCT) 



International application number: PCT/IL05/000008 
International filing date: 03 January 2005 (03.01.2005) 



Document type: Certified copy of priority document 

Document details: Country/Office: US 

Number: 10/753,424 

Filing date: 09 January 2004 (09.01.2004) 



Date of receipt at the International Bureau: 29 April 2005 (29.04.2005) 



Remark: Priority document submitted or transmitted to the International Bureau in 
compliance with Rule 17, 1(a) or (b) 




World Intellectual Property Organization (WIPO) - Geneva, Switzerland 
Organisation Mondiale de la Propriete Intellectuelle (OMPI) - Geneve, Suisse 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record. 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 



Ifa BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 



fl REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 
□ OTHER: ^ 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 





LINES OR MARKS ON ORIGINAL DOCUMENT 



